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Background. South Africa introduced 7-valent pneumococcal conjugate vaccine (PCV7) in April 2009 using a 
2 + 1 schedule (6 and 14 weeks and 9 months). We estimated the effectiveness of >2 PCV7 doses against invasive 
pneumococcal disease (IPD) in human immunodeficiency virus (HlV)-infected and -uninfected children. 

Methods. IPD ( pneumococcus identified from a normally sterile site) cases were identified through national 
laboratory-based surveillance. Specimens were serotyped by Quellung or polymerase chain reaction. Four controls, 
matched for age, HIV status, and hospital were sought for each case. Using conditional logistic regression, we cal- 
culated vaccine effectiveness (VE) as 1 minus the adjusted odds ratio for vaccination. 

Results. From March 2010 through November 2012, we enrolled 187 HIV-uninfected (48 [26%] vaccine sero- 
type) and 109 HIV-infected (43 [39%] vaccine serotype) cases and 752 HIV-uninfected and 347 HIV-infected con- 
trols aged >16 weeks. Effectiveness of >2 PCV7 doses against vaccine-serotype IPD was 74% (95% confidence 
interval [CI], 25%-9I%) among HIV-uninfected and -12% (95% CI, -449% to 77%) among HIV-infected chfidren. 
Effectiveness of >3 doses against vaccine-serotype IPD was 90% (95% CI, 14%-99%) among HIV-uninfected and 
57% (95% CI, —371% to 96%) among HIV-infected children. Among HIV-exposed but -uninfected children, effec- 
tiveness of >2 doses was 92% (95% CI, 47%-99%) against vaccine-serotype IPD. Effectiveness of >2 doses against 
all-serotype multidrug-resistant IPD was 96% (95% CI, 62%-100%) among HIV-uninfected children. 
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Conclusions. A 2 + 1 PCV7 schedule was effective in preventing vaccine-serotype IPD in HIV-uninfected and HIV-exposed, 
uninfected children. This finding supports the World Health Organization recommendation for this schedule as an alternative to 
a 3-dose primary series among HIV-uninfected individuals. 

Keywords, children; HIV; pneumococcus; pneumococcal conjugate vaccine; South Africa. 



The pneumococcal polysaccharide-protein conjugate vaccine 
(PCV) is recommended for use globally, particularly in develop- 
ing countries with a high childhood mortality [ 1 ] . A clinical trial 
in South Africa of a 9-valent PCV (PCV9) administered at 6, 10, 
and 14 weeks of age (ie, 3-1-0 schedule, 3-dose primary series 
and no booster dose) demonstrated efficacy of 83% (95% con- 
fidence interval [CI], 39%-97%) in HIV-uninfected children 
and 65% (95% CI, 24%-86%) in HIV-infected children against 
vaccine-serotype (VT) invasive pneumococcal disease (IPD) 
[2]. The 7-valent PCV (PCV7), administered in 3 -i- 1 or 2 -i- 1 
schedules, has been shown to be highly effective against IPD 
in developed countries [3-10]. 

South Africa introduced PCV7 into the Expanded Program 
on Immunization (EPI) in April 2009 [ II ] . A novel, accelerated 
2-1-1 schedule (6 weeks, 14 weeks, and early booster at 9 
months), with no catch-up, was used [11]. This schedule was 
based on evidence of sufficient immunogenicity with 2 pri- 
mary doses, cost savings afforded by a 2- rather than 3-dose 
primary series, data indicating waning efficacy without a boos- 
ter dose in HIV-infected children (approximately 4% of South 
African children <5 years in 2009), and the need to deliver the 
primary and the booster doses at the youngest possible ages 
[12-14]. The 13-valent PCV (PCV13) replaced PCV7 in June 
2011. 

There are no published studies evaluating the effectiveness of 
routine PCV use on disease in Africa. Additionally, the effec- 
tiveness of the accelerated 2-1-1 schedule is unknown. Our pri- 
mary objectives were to determine the effectiveness of >2 doses 
of routinely administered PCV7 against VT IPD and all- 
serotype IPD among HIV-uninfected and HIV-infected chil- 
dren. In addition, we evaluated whether HIV exposure altered 
vaccine effectiveness (VE), because the increasing availability 
of interventions for prevention of mother-to-child transmission 
(PMTCT) of HIV in high HIV-prevalence settings has led to 
increasing numbers of HIV-exposed but -uninfected children; 
however, there are no published data on PCV efficacy or effec- 
tiveness in this group [15, 16]. 

METHODS 

Ethics 

The study protocol was approved by institutional review boards 
at the University of the Witwatersrand, the surveillance sites, 
the Centers for Disease Control and Prevention, and the 
Johns Hopkins Bloomberg School of Public Health. 



Study Population and Study Design 

We conducted a matched case-control study. Cases were de- 
fined as an episode of illness in an individual with identification 
of Streptococcus pneumoniae from normally sterile-site speci- 
mens (eg, cerebrospinal fluid [CSF], blood, pleural fluid, joint 
fluid) at 24 sentinel surveillance hospitals. Eligible cases and 
controls were aged >8 weeks at the time of specimen collection 
or admission, eligible to receive at least 1 dose of PCV through 
the EPI, and resident in South Africa from 6 weeks of age. 

Pneumococcal isolates were serotyped by Quellung using 
specific antisera, including serotypes 6A, 6B, 6C, and 6D 
(Statens Serum Institut, Copenhagen, Denmark). VTs were se- 
rotypes included m PCV7 (4, 6B, 9V, 14, 18C, 19F, 23F). Sero- 
type 6A was deemed vaccine-related due to cross-protection 
with PCV7 [8]. All other serotypes were designated as nonvac- 
cine types. Streptococcus pneumoniae identification and sus- 
ceptibility testing was based on standardized methodologies 
[17]. Multidrug resistance was defined as nonsusceptibflity to 
>3 different antibiotic classes [18]. Specimen source was de- 
fined as CSF, blood culture, and other (eg, pleural fluid, joint 
fluid). Clinical syndrome was defined hierarchically as follows: 
meningitis, bacteremic pneumonia, bacteremia without focus 
(clinical signs consistent with sepsis but no clinical pneumonia 
or meningitis, or other focal infection), and other. 

We aimed to enroll at least 4 controls per case, matching to 
the case by date of birth, hospital, and HIV status. Chfldren ad- 
mitted to or attending outpatient departments at the same hos- 
pital as the case were eligible. Children were excluded as 
potential controls if they had IPD, pneumonia, or another 
nondiarrheal vaccine-preventable disease. We enrolled HIV- 
infected controls from HIV clinics if the clinic did not have a 
policy of active review of vaccination status or offer vaccination. 
Exclusion criteria for cases and controls included absence of 
verified HIV status, previous enrollment as a case, enrollment 
of a twin, and reporting receiving any dose of PCV13 before 
the case specimen date. For controls with febrile seizures, clin- 
ical investigations were performed as indicated by the attending 
physician and these cases were reviewed by a study medical 
officer to exclude possible meningitis, otitis, or pneumonia. 

Data Collection 

Data were coUected through standardized interviews of guard- 
ians and patient records review. Data from 1 month preceding 
the date of pneumococcal specimen collection (the reference 
period) were collected from each case and their matched 
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controls. Children with a history of being HIV infected were in- 
cluded as HIV infected. HIV testing is recommended for all 
hospitalized children with unknown HIV status in South Africa 
and was performed by enzyme-linked immunosorbent assay 
(ELISA) with confirmation by ELISA on a second specimen 
for children >18 months of age, and qualitative HIV DNA po- 
lymerase chain reaction testing for children <18 months of age. 
Documented maternal HIV status data was sought for all chil- 
dren from antenatal records or recent testing. CD4^ lymphocyte 
counts were determined at clinician discretion by flow cytome- 
try [19]. Children were classified as having severe immunosup- 
pression based on CD4^ percentage of total lymphocyte cell 
count [20]. Children were classified as HIV exposed but unin- 
fected if they had a documented HIV-negative status but posi- 
tive maternal HIV status. Children with weight-for-age z scores 
in the reference period <— 2 using the 2009 World Health 
Organization (WHO) child growth standards (adjusting for 
prematurity for those born before 37 weeks' gestation) and 
those with nutritional edema were classified as being malnour- 
ished [21]. Written documentation of immunization history 
was sought for all cases and controls, from patient-held immu- 
nization records and vaccination records at health facilities, as 
relevant. Patients giving a history of not receiving any vaccines 
were recorded as unvaccinated. 

Sample Size 

We assumed VE against all-serotype IPD of 40% in HIV- 
uninfected and 55% in HIV-infected children and against 
PCV7 serotypes of 85% in HIV-uninfected and 65% in HIV- 
infected children [2]. We assumed a case-control PCV7 vac- 
cination correlation of 0.2 [22]. Assuming vaccine coverage of 
60% with a 4:1 match of controls to cases at a significance level 
(a) of .05 and a power of 0.80, we needed to enroll 171 HIV- 
uninfected cases (13 vaccine serotype) and 70 HIV-infected 
cases (42 vaccine serotype). 

Statistical Analysis 

We used surveillance data to compare the characteristics of en- 
rolled and non enrolled IPD case patients. PCV doses were 
counted only if received >14 days before the specimen collec- 
tion date. The matched odds ratio of vaccination (vs no vacci- 
nation), controlling for confounders, was estimated using 
conditional logistic regression. We evaluated each individual 
potential confounder to identify those that altered the odds 
ratio of PCV vaccination by >10% irrespective of statistical sig- 
nificance; these were further evaluated in multivariable models 
[23]. We did not group related confounders. We included a sin- 
gle set of confounders for HIV-uninfected children and a sec- 
ond set for HIV-infected children for all adjusted VE analyses to 
ease comparisons of VE estimates within each group. VE was 
calculated as 1 minus the adjusted matched odds ratio xl00%. 



P values <.05 were considered statistically significant. VE in sub- 
groups for which cases and controls were not matched (eg, HIV 
exposure) was evaluated by inclusion of an interaction term in 
the multivariable model. For the primary objective (to assess ef- 
fectiveness of >2 doses of PCV7) we included all children aged 
>16 weeks (old enough to receive the 14-week dose plus 2 weeks 
for an immune response) in the analysis. To assess the effective- 
ness of >3 doses of PCV7, we included children aged >41 
weeks. Children aged 8-15 weeks contributed to the analysis 
of the effectiveness of a single PCV dose. Additional details of 
case and control enrollment, laboratory methods, and statistical 
analysis are provided in the Supplementary Data. 

RESULTS 

From March 2010 through November 2012, we identified 486 
eligible children with IPD, of whom 126 were excluded (Fig- 
ure \A). We included 361 case patients aged >8 weeks; 237 
(66%) were HIV uninfected. For the main analysis of the effec- 
tiveness of >2 doses, we included 296 children aged >16 weeks 
(187 [63%] HIV uninfected). The median age of all enrolled 
case patients was 43 weeks (interquartile range [IQR], 17- 
112), 51% (184/361) were male, 97% (351/361) were hospital- 
ized, and the commonest clinical syndrome was bacteremic 
pneumonia (182/361 [50%]), followed by meningitis (121/361 
[34%]), bacteremia without focus (44/361 [12%]), and other 
(14/361 [4%]). Cases included did not differ statistically from 
nonenroUed cases with regard to HIV infection status, sex, 
race, or case-fatality ratio (data not shown) but did differ with 
regard to specimen type and province (Supplementary Data). 

Among HIV-uninfected cases aged >16 weeks, 26% (48/187) 
had VT disease and 35% of these (17/48) had received >2 doses 
of PCV (Figure 2). An additional 12% (22/187) of disease was 
due to serotype 6A. Of available isolates from HIV-uninfected 
children >16 weeks, 49% (79/161) were nonsusceptible to pen- 
icillin and 16% (25/161) were multidrug resistant (MDR). 
Among HIV-infected cases aged >16 weeks, 39% (43/109) 
had VT disease and 63% (27/43) had received >2 doses of 
PCV7 (Figure 2). An additional 15% (16/109) of disease was 
due to serotype 6A. Among all isolates from HIV-infected chil- 
dren (>16 weeks), 67% (68/101) were nonsusceptible to penicil- 
lin and 30% (32/101) were MDR. Among all cases, 67% (96/ 
144) of penicillin-nonsusceptible and 85% (46/54) of MDR iso- 
lates with available serotyping data were VT or serotype 6A. 

We identified 2037 eligible age-matched children as potential 
controls, of whom 715 were excluded (Figure 15). The median 
number of controls per case was 4 for HIV-uninfected and 3 for 
HIV-infected children. The median interval between case 
specimen collection and control enrollment was 30 days (IQR, 
4-144) for HIV-uninfected and 84 days (IQR, 9-276) for HIV- 
infected controls. Among HIV-uninfected controls aged >8 
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486 eligible cases identified 



2 cases refused consent 



16 cases not included due to unavaiiabie HIV 
status information 



99 cases not included because received PCV13 



9c3s«s not [ncluded due to unavailable 
vaccination history 



361 eligible cases aged ^8 weeks included 



237 HIV-uninfected cases 



50 IHIV-unlnfected cases aged 
&15 weeks (16 vaccine type) 



187 HIV-unirfected cases 
aged 216 weeks 



124 HIV-infected cases 



89 i-ilV-unlnfected cases aged 
£41 weeks (23 vaccine type) 



98 HIV-uninfectcd cases aged 
16-41 weeks (25 vaccine type) 



15 HIV-infected cases aged 
8-15 weeks (4 vacdne type) 



109 HIV-infected cases 
aged >16 weeks 



41 HIV-infected cases aged 
16 41 weel<s (15 vaccine type) 



68 HIV-infected cases aged 
241 weeks (28 vacdne type) 



2037 eligible controls identified 



10 controls refused consent 



17 controls discharged before enroliment 

613 controls not induded because received 
PCV13 



75 controls not Included due to unavailable 
vaccination history 



1322 eligible controls aged iB weeks induded 
I 



928 HiV-uninfected controls 



176 HIV-uninfected controls 
aged 8-15 weeks 



752 HIV-uninfected 
controls aged >16 weeks 



399 HIV-unlnfected controls 
aged 16-41 weeks 



353 HIV-uninfected controls 
aged 241 weeks 



394 HIV-infected controls 



47 HIV-infected controls 
aged 8-15 weeks 



347 HIV-intected controls 
aged > 16 weeks 



124 HIV-infected controls 
aged 16-41 weeks 



223 HIV-infected cases aged 
241 weeks 



Figure 1. Flowchart of patients enrolled in the study. A, Cases. B, Controls. Abbreviations; HIV, human immunodeficiency virus; PCV13, 13-valent 
pneumococcal vaccine. 
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Figure 2. Number of cases included in the analysis (aged >16 weeks) by serotype and vaccination status. A, Human immunodeficiency virus (HIV)- 
uninfected patients (n = 187). B, HIV-infected patients (n = 109). *Confirmed to be a nonvaccine type on polymerase chain reaction (PGR). Unknown serotypes 
occurred either because an isolate was not available or because only serogroup(s) could be determined using PGR. Abbreviation: NVT, nonvaccine type. 
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Table 1. Characteristics of HIV-Uninfected and -Infected Cases and Controls Aged >16 Weeks, South African Invasive Pneumococcal 
Disease Case-Control Study of 7-Valent Pneumococcal Conjugate Vaccine Effectiveness 





HIV-Uninfected 






HIV-infected 




Characteristic 


Cases (n = 187) 


Controls (n = 752) 


PValue^ 


Cases (n = 1 09) 


Controls (n = 347) 


PValue^ 


Demograpliics ■■■■■■■^ 


Age, wk, median (IQR) 


39 (18-1 07) 


38 (16-106) 


.596 


52 (18-123) 


54 (20-1 1 5) 


.440 
















Not black race 


19/187 (10) 


129/751 (17) 


.018 


4/109 (4) 


19/347 (5) 


.316 


Risk factors 


Malnutrition'' 


71/184 (39) 


207/669 (31) 


.027 


70/105 (67) 


1 07/288 (37) 


<.001 


|| Low birth v\|j|[|j||m^^^^^g^ 


40/1 80 (22) 


149/738 (20) 


.351 


19/107 (18) 


71/340 (21) 


.493 


Preterm^ 


36/173 (21) 


98/707 (14) 


.074 


12/100 (12) 


38/310 (12) 


.945 




Smoking exposure 


43/1 83 (24) 


1 80/752 (24) 


.838 


26/1 08 (24) 


68/346 (20) 


.387 


Day care attendance 


44/183 (24) 


129/751 (17) 


.025 


14/108 (13) 


37/347 (11) 


.490 


No. of children aged <5 y in household 




87/181 (48) 


447/751 (60) 1 




62/108 (57 


232/344 (67) J| 




1-2 


84/181 (46) 


580/751 (37) 




42/108 (39) 


101/344 (29) 






Wood fire in home 


1 5/1 84 (8) 


43/752 (6) 


.098 


7/1 08 (6) 


18/347 (5) 


.688 


Previous hospital admission (in past 12 


55/1 85 (30) 


145/752 (19) 


.001 


49/1 09 (45) 


1 22/346 (35) 


.026 


Breastfed in reference period* 


73/185 (39) 


255/751 (34) 


.136 


30/108 (28) 


45/346 (13) 


<.001 


Socioeconomic factors 


Residence in an informal dwelling 


49/185 (26) 


220/752 (29) 


.845 


33/109 (30) 


107/347 (31) 


.973 




<2 people/room 


78/181 (43) 


356/752 (47) 


.185 


53/108 (49) 


1 53/346 (44) 


.595 


people/room 




308/752(41) 1 




42/1 08 (39) 


141/346(41) 1 




5-30 people/room 


31/181 (17) 


86/752 (11) 




13/108 (12) 


52/346 (15) 




Maternal education 


No secondary 


31/181 (17) 


100/750 (13) 


.013 


21/1 08 (19) 


73/346 (21) 


.119 




108/181 (60) 


407/750(54) ^ 




56/108 (52) 


200/346 (58) ^ 




Completed secondary 


42/181 (23) 


243/750 (33) 




31/108 (29) 


73/346 (21) 




Has a car ^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^1 


HIV-related factors 


HIV exposed 


79/181 (44) 


217/725 (30) 


.001 








HIV clinic attendance 








22/103 (21) 


195/336 (58) 


<.001 




1 








8/104 (8) 


51/329 (16) 


.002 










3/1 04 (3) 


17/329(5) 1 




3 








38/104 (37) 


146/329 (44) 




4 








55/104 (53) 


115/329 (35) 




Receiving HAART 








28/1 06 (26) 


1 78/339 (53) 


<.001 












_.U.3/2n5_(55J.. 


<.001 


Receiving trimethoprim-sulfamethoxazole 

prophylaxis 


10/182 (5) 


25/661 (3) 


.214 


51/108 (47) 


219/344(64) 


.025 


Current tuberculosis treatment 


1/183 (1) 


9/661 (1) 


.469 


22/108 (20) 


45/340 (13) 


.039 


Vaccines 


1 Hepatitis B at 1 6 wk |||||||||||||||||||^^ 


140/187 (75) 


595/752 (79) 


.322 


81/109 (74) 


292/347 (84) 


.071 


DTP vaccine at 1 6 wk 


1 06/1 87 (57) 


504/752 (67) 


.013 


67/109 (61) 


264/347 (76) 


.011 




PCV7 >3 doses 


30/187 (16) 


165/752 (22) 


.049 


26/109 (24) 


85/347 (25) 


.438 
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Table 1 continued. 





HIV-Uninfected 






HIV-infected 




Characteristic Cases (n = 187) 


Controls (n = 752) 


PValue^ 


Cases (n = 109) 


Controls (n = 347) 


PVaiue^ 


Age of receipt of PCV7 doses, wl<, median (IQR) 


Dose 1 6(5-17) 


6 (5-1 7) 


.265 


6 (5-17) 


6 (5-22) 


.321 


Dose 2 15(13-39) 


15 (13-31) 


.739 


16 (13-43) 


16 (13-39) 


1.000 


Dose 3 40(20-51) 


40 (25-48) 


.785 


40 (38-62) 


40 (38-52) 


.597 



Abbreviations; DTP, diphtheria, tetanus, pertussis; HAART, highly active antiretroviral therapy; HIV, human immunodeficiency virus; IQR, interquartile range; PCV7, 
7-valent pneumococcal conjugate vaccine. 
" Matched. 

Weight <80% of expected for age adjusted for prematurity or edema. 
= <2500 g. 
Less than 37 completed weeks. 

" Asplenia, including asplenia or sickle cell anemia; chronic illness, including chronic lung, renal, liver, cardiac disease, and diabetes; other immunocompromising 
conditions (excluding HIV), including organ transplant primary immunodeficiency, immunotherapy, and malignancy; and other risk factors, including head injury with 
possible cerebrospinal fluid leak, neurological disorders, bums, and chromosomal abnormalities. 
' Reference period is the 1 month preceding the date of pneumococcal specimen collection. 



weeks (n = 928), 389 (42%) had a diagnosis of diarrhea, 133 
(14%) had a surgical diagnosis (including burns), 87 (9%) 
had diarrhea and malnutrition, 74 (8%) had malnutrition 



alone, 68 (7%) had febrile seizures, and 177 (19%) had another 
diagnosis (Supplementary Data). Among HIV-infected controls 
aged >8 weeks (n = 394), 176 (45%) were enrolled during an 



Table 2. Effectiveness of 7-Valent Pneumococcal Conjugate Vaccine Against Invasive Pneumococcal Disease in HIV-infected 
and -Uninfected Children by Pneumococcal Serotype 


Outcome (No. of Cases/No. of Controls) 


Unadjusted VE% (95% CI) 


Adjusted VE% (95% C\r 


HIV-uninfected, >16wk, >2 doses vs 0 doses 


PCV7 serotypes (48/194) 


77 (40-91) 


74 (25-91) 


PCV7 serotypes plus 6A (71/289) 


71 (35-87) 


70 (28-88) 


All serotypes (187/752) 


35 (-13 to 63) 


29 (-27 to 60) 


Nonvaccine serotypes (101/403) 


-56 (-315 to 41) 


-76 (-384 to 36) 


HIV-uninfected, >41 wk, >3 doses vs 0 doses 


PCV7 serotypes (23/86) 


57 (-100 to 91) 


90 (14 to 99) 


PCV7 serotypes plus 6A (31/122) 


47 (-109 to 87) 


78 (-15 to 96) 


All serotypes (89/353) 


47 (-37 to 79) 


63 (-1 to 87) 


Nonvaccine serotypes (48/195) 


2 (-433 to 82) 


21 (-390 to 87) 


HIV-infected, >16 wk, >2 doses vs 0 doses 


PCV7 serotypes (43/137) 


15 (-145 to 71) 


-12 (-449 to 77) 


PCV7 serotypes plus 6A (60/188) 


34 (-94 to 78) 


29 (-174 to 81) 


All serotypes (109/347) 


31 (-42 to 67) 


6 (-194 to 70) 


Nonvaccine serotypes (44/1 36) 


20 (-197 to 79) 


-190 (-2997 to 73) 


HIV-infected, >41 wk, >3 doses vs 0 doses 


PCV7 serotypes (28/86) 


43 (-108 to 85) 


57 (-371 to 96) 


PCV7 serotypes + 6A (37/1 1 6) 


53 (-49 to 85) 


76 (-87 to 97) 


All serotypes (68/223) 


26 (-84 to 70) 


46 (-122 to 87) 


Nonvaccine serotypes (26/87) 


-72 (-966 to 72) 


76 (-166 to 318) 



Abbreviations: CI, confidence interval; HIV, human immunodeficiency virus; PCV7, 7-valent pneumococcal conjugate vaccine; VE, vaccine effectiveness. 
° Adjusted for use of a wood fire in the home, number of children in the home aged <5 years, and maternal education level for HIV-uninfected children. Adjusted for 
receipt of trimethoprim-sulfamethoxazole prophylaxis, malnutrition, presence of severe immunosuppression on CD4* T-cell count, and whether the patient had 
received 3 doses of hepatitis B vaccine at 16 weeks of age for HIV-infected children. 
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Table 3. Effectiveness of >2 Doses of 7-Valent Pneumococcal Conjugate Vaccine Versus 0 Doses Against Invasive Pneumococcal 
Disease in HIV-Uninfected and -Infected Children Aged >16 Weeks by HIV Exposure, Malnutrition Status, and Type of Disease 



Risk Group'' 


No. of Cases/No. of Controls 


Outcome 


Unadjusted VE% (95% CI) 


Adjusted VE% (95% Cl)'= 


HIV uninfected 


HIV exposed 


21/57 


PCV7 serotypes 


91 (54-98) 


92 (47-99) 


HIV unexposed 


27/133 


PCV7 serotypes 


72 (1-92) 


58 (-73 to 90) 


HIV exposed 


79/217 


All serotypes 


1 2 (-87 to 58) 


8 (-102 to 16) 


HIV unexposed 


1 02/508 


All serotypes 


57 (-3 to 82) 


51 (-25 to 86) 


Meningitis 


13/55 


PCV7 serotypes 


85 (-12 to 98) 


93 (-6 to 100) 


Bacteremia pneumonia 


20/85 


PCV7 serotypes 


39 (-194 to 87) 


78 (-60 to 97) 


Malnouristned'^ 


19/49 


PCV7 serotypes 


57 (-79 to 90) 


66 (-79 to 80) 


Not malnourislied 


28/121 


PCV7 serotypes 


84 (41-96) 


81 (19-96) 


Multidrug-resistant IPD 


161/637 


All serotypes 


94 (55-99) 


96 (62-100) 


Penicillin-nonsusceptible IPD 


161/637 


All serotypes 


54 (-2 to 79) 


50 (-15 to 79) 


HIV infected 


Severe immunosuppression'^ 


26/73 


PCV7 serotypes 


-146 (-21 19 to 73) 


-202 (-3199 to 72) 


No severe immunosuppression 


7/48 


PCV7 serotypes 


81 (-32 to 97) 


67 (-222 to 97) 


Malnourislied 


31/53 


PCV7 serotypes 


-53 (-547 to 64) 


-35 (-814 to 80) 


Not malnourished 


10/68 


PCV7 serotypes 


36 (-790 to 95) 


24 (-1358 to 96) 



Abbreviations: CI, confidence interval; HIV, human immunodeficiency virus; IPD, invasive pneumococcal disease; VE, vaccine effectiveness. 

' VE in subgroups for which cases and controls were not matched (HIV exposure, malnutrition, severe immunosuppression) was evaluated by inclusion of an 

interaction term for the subgroup of interest in the multivariable model. P> .1 for all interactions evaluated except for HIV exposure where P= .081 . 

Adjusted for use of a wood fire in the home, number of children in the home aged <5 years, and maternal education level for HIV-uninfected children. Adjusted for 
receipt of trimethoprim-sulfamethoxazole prophylaxis, malnutrition, presence of severe immunosuppression on CD4* T- cell count, and whether the patient had 
received 3 doses of hepatitis B vaccine at 16 weeks of age for HIV-infected children. 

° Only children with available data on malnutrition status in the reference period were included in this analysis. 
Based on CD4* percentage of total lymphocyte cell count according to World Health Organization categories 1201. 



HIV-clinic visit, 66 (17%) had diarrhea and malnutrition, 
64 (16%) had malnutrition alone, 60 (15%) had diarrhea 
alone, and 28 (7%) had another diagnosis. HIV-uninfected 
and -infected controls aged >16 weeks were similar to cases 
in age and sex distribution but differed for other characteristics 
(Table 1). 

Among HIV-uninfected children aged >16 weeks (ie, post- 
primary series), the adjusted effectiveness of >2 doses of PCV7 
was 74% (95% CI, 25%-91%) against VT disease, 70% (28%- 
88%) against VTs plus serotype 6A, and 29% (95% CI -27% 
to 60%) against all-serotype IPD (Table 2). Among HIV- 
uninfected chOdren aged >41 weeks, the adjusted effectiveness 
of >3 doses of PCV7 was 90% (95% CI, 14%-99%) against VT 
IPD and 63% (95% CI, -1% to 87%) against all-serotype IPD. 
There was no significant VE against non-VT disease. Among 
HIV-infected children aged >16 weeks, the adjusted effective- 
ness of >2 doses of PCV7 was -12% (95% CI, -449% to 
77%) against VT disease and 6% (95% CI, -194% to 70%) for 
aU-serotype IPD, and confidence intervals were wide. VE con- 
fidence intervals for VT and all-serotype IPD following >3 
doses at >41 weeks were also wide (Table 2). 

The adjusted VE for >2 doses among HIV-exposed but 
-uninfected children aged >16 weeks was 92% (95% CI, 



47%-99%) against VT IPD (Table 3). The adjusted VE of >2 
doses for HIV-uninfected children aged >16 weeks against 
all IPD due to penicillin-nonsusceptible disease was 50% 
(95% CI, -15% to 79%) and against MDR IPD was 96% 
(95% CI, 62%-100%). Point estimates of VE were lower for 
malnourished children than for nonmalnourished children 
and for HIV-infected children with severe immunosuppression 



Table 4. Effectiveness of 7-Valent Pneumococcal Conjugate 
Vaccine Against Invasive Pneumococcal Disease Caused by 
Vaccine Serotypes in HIV-Uninfected Children by Number and 
Timing of Doses 



Schedule (No. of 








Cases/No. of 


Age 


Unadjusted VE% 


Adjusted VE% 


Controls) 


Group 


(95% CI) 


(95% Cl)= 


1 -H 0 vs 0 (64/255) 


>8 wk 


13 (-90 to 60) 


-11 (-167 to 54) 


2 -H 0 vs 0 (48/1 94) 


>16wk 


82 (48-97) 


76 (27-92) 


2-h0vs 0(25/108) 


16-40 


83 (36-96) 


73 (-18 to 94) 




wk 






2 1 vs 0 (23/86) 


>41 wk 


55 (-117 to 91) 


88 (-3 to 99) 



Abbreviations: CI, confidence interval; VE, vaccine effectiveness. 

° Adjusted for use of a wood fire in the home, number of children in the home 

<5 years, and maternal education level. 
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compared to others, but numbers in each subgroup for these 
analyses were small and differences were not statistically signifi- 
cant. Among HIV-uninfected children, receipt of 2 primary 
doses alone or 2 primary doses plus a booster dose had similar 
effectiveness against VT disease (Table 4). A single dose of PCV7 
given at about 6 weeks provided no protection against VT IPD. 

DISCUSSION 

We have demonstrated effectiveness of 2 doses of PCV7 admin- 
istered at 6 and 14 weeks of age with a booster dose at 9 months 
in a low- to middle-income country. A 2 -i- 1 schedule has been 
demonstrated to be effective in Europe and North America ad- 
ministered at 2 and 4 or 3 and 5 months of age with a booster 
dose in the second year of life [7, 10, 24, 25]. Although we were 
unable to demonstrate effectiveness of this schedule in 
HIV-infected children, VE in HIV-exposed but -uninfected 
children was high [16, 26]. The effectiveness against penicillin- 
nonsusceptible and MDR IPD caused by any serotype was 
high, indicating that PCV may have a substantial impact in re- 
ducing the prevalence of MDR pneumococcal disease, as has 
been demonstrated in other settings [27]. 

Effectiveness of >2 doses in HIV-uninfected children was 
74% (95% CI, 25%-91%) against VT disease, similar to esti- 
mates of PCV9 efficacy in HIV-uninfected children adminis- 
tered a 3-dose primary schedule at 6, 10, and 14 weeks of age 
in South Africa (83%; 95% CI, 39%-97%) and The Gambia 
(77%; 95% CI, 51%-90%) [2, 28]. This is also similar to the 
approximately 85% reduction in VT IPD observed in HIV- 
uninfected children aged <2 years from surveillance data in 
South Africa (A. von Gottberg, unpublished data). Two primary 
doses are not as immunogenic as 3 primary doses during infan- 
cy, but the differences overall are small [29]. A 2-1-1 schedule is 
feasible for implementation in low- to middle-income countries 
with high measles vaccine coverage at 9 months and provides 
cost savings and reduced number of injections compared with 
a 4-dose schedule, but still includes a booster dose [11]. 

The magnitude of the all-serotype IPD VE estimate (29%; 
95% CI, —27% to 60%) should not be misinterpreted to mean 
that PCV confers limited overall impact. The vaccine is effec- 
tive against VT, but not against non-VT, and the measured 
all-serotype IPD vaccine effectiveness is a combination of effec- 
tiveness against VT and non-VT together. When PCV is highly 
effective, the majority of remaining cases available to be includ- 
ed in a case-control study are non-VT, therefore resulting in a 
lower measured VE estimate for aU-IPD than efficacy against 
aU-IPD as measured in a randomized clinical trial. 

We were unable to demonstrate statistically significant effec- 
tiveness of >2 PCV7 doses in HIV-infected children. This could 
reflect a lack of statistical power to detect a lower VE than an- 
ticipated. Surveillance data from South Africa have shown a 



55% relative reduction in VT compared with non-VT among 
HIV-infected children aged <2 years following PCV7 introduc- 
tion (A. von Gottberg, unpublished data). At least some of this 
reduction likely results from indirect protection [30, 31]. HIV- 
infected children with CD4^ T-cell percentage >25% and de- 
layed highly active antiretroviral therapy (HAART) initiation 
had similar immunoglobulin G (IgG) antibody responses to 
HIV-uninfected children for PCV administered at 6 and 10 
weeks of age; however, this subgroup had functionally impaired 
antibody responses as measured by opsonophagocytic activity 
(OPA) compared to children with early HAART initiation 
[15, 32]. In the latter study, IgG and OPA (serotype 23F) respon- 
ses were substantially improved in HIV-infected and -uninfected 
children following a third PCV7 dose at 14 weeks of age, partic- 
ularly for serotypes 6B and 23F, for which responses were 
generally lowest. HIV-infected children may benefit from a 
full 3-dose infant primary series, as was demonstrated to be ef- 
fective in the South African clinical trial [2]. Practical imple- 
mentation of a different vaccination schedule by HIV status may, 
however, not be feasible in settings where HIV status is not 
known at 10 weeks of age. 

Numbers of HIV-exposed but -uninfected children in South 
Africa remain high (30% of pregnant women in 2011 were HIV 
infected) following widespread PMTCT implementation, and 
this group has an increased risk of severe infections [14, 16, 
33, 34]. Importantly, the VE in HIV-exposed but -uninfected 
children was similar to HIV-unexposed children. Antibody re- 
sponses have been found to be slightly higher in HIV-exposed 
but -uninfected children compared with HIV-unexposed chil- 
dren after 2 and 3 doses of PCV, possibly related to less inter- 
ference from maternal antibodies [15, 32]. 

Our study has limitations. Controls were enrolled from hos- 
pitals and clinics rather than the community and thus may dif- 
fer in their vaccination and disease risk factor status in 
unmeasured ways from the general population. In our setting, 
where barriers may exist to access hospital care, hospital con- 
trols may, however, be more similar to cases than community 
controls with respect to unmeasured factors associated with 
access to care. Low numbers of HIV-infected hospitalized chil- 
dren led to delays in identification of suitable controls and the 
potential for poor information recall; vaccination histories were 
gathered from written records and thus would not have been af- 
fected, but this might have been a concern for potential con- 
founder variables. HIV-infected controls enrolled from HIV 
clinics may have had better access to care, which would have bi- 
ased toward an overestimate of VE. In addition, this group of 
controls were less immunosuppressed and more likely to receive 
HAART than cases. Because controls are more likely to be vac- 
cinated than cases, proportionately more vaccinated controls 
than cases who had received PCV13 were excluded. This should 
not have substantially affected our estimate of VE but may have 
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reduced our power to detect an effect. Boys were more common 
among controls, likely because of high numbers of surgical con- 
trols [35]. Although we evaluated a large number of potential 
confounders in the analysis, residual confounding is possible. 
Unadjusted and adjusted VE estimates were similar in children 
aged <41 weeks but differed in older children. This is likely be- 
cause hospitalization is relatively common in younger children; 
thus, hospitalized children in this group are probably represen- 
tative of the general population. Older hospitalized children, 
however, may have specific risk factors for hospitalization, lead- 
ing to them being less representative of the source population 
and therefore more confounding in this age group. For some 
subanalyses, few cases were observed, limiting our ability to 
evaluate VE and precluding estimation of effectiveness against 
individual serotypes. 

We were not able to definitively assess the effectiveness of a 
2 + 1 schedule in HIV-infected children, but based on existing 
clinical trial data [2], 3 primary doses should be considered. As 
coverage with PCV increases among South African children, in- 
direct effects may enhance protection of HIV-infected children 
[31]. Our study demonstrates that a 2 -i- 1 schedule of PCV7 
aligned with the EPI schedule is effective against VT IPD and 
MDR IPD in HIV-uninfected and HIV-exposed, -uninfected 
children, supporting the recent WHO statement indicating 
use of this alternative schedule in some settings [1]. 

Supplementary Data 

Supplementary materials are available at Clinical Infectious Diseases online 
(http://cid.oxfordjournals.org). Supplementary materials consist of data 
provided by the author that are published to benefit the reader. The posted 
materials are not copyedited. The contents of all supplementary data are the 
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